In industrials sector, many engineering applications used the intelligent techniques to savings on maintenance costs. In this work, we discuss a new intelligent measurement technique of gas flow, in industrials compressions systems, using a sonic nozzle sensor, and we examine the performance of the calibration and measurement of gas flow used in the transport of high volume of natural gas pipeline system. We propose the development of this approach and we discuss the feasibility and validity of this intelligent sensor in real plant. This work demonstrates that sonic nozzles can be operated successfully as a prover for natural gas and for the critical flow in nozzles for unprocessed natural gas.
Introduction
The measurement of the fluids flows in industrial field is a very widespread measurement, in the oil sector, the production of oil and the invoicing of the produced quantities of oil is carried out on the knowledge of the flows of these liquids in drains which can reach two meters in diameter. In this sector, the results of measurements are used to establish an invoicing and enter the field of legal metrology. Indeed, the measurement of the flow of the fluids is a very important operation in any industrial activity. Its importance is dictated by the control and the regulation of the manufacturing process of the products, by the starting of the energy machines (engines, gas turbines, pumps etc.). Lastly, by the marketing of the energy fluids in the natural gas transactions, the importance of this sector is presented in the worldwide market, the worldwide market of the flowmeters was estimated at 2500 million dollars in 1995 [10] , and is in constant increase [12] . The commercial transactions of the debitmetric measurements of gas and oil, they represent also an enormous sales turnover in these last years. Being given the size of these markets, it is surprising to note that the precision and the capacity of the majority of the flowmeters remain weak in comparison with the measuring instruments used for the other sizes (temperature, pressure). In this work we will expose the principle and the fundamental aspects of the flows of fluids in the industrial conduits and will try to determine of them the problems of measurement of the flow. We will be interested more particularly in the practical problem of the debitmetric, we will recall in what follows the definitions given in the certain principal terms suitable for the measurement of the gas flow. We purpose in this study to measure the mass flow rate of a compressible fluid through a convergent divergent nozzle with respect to inlet and outlet pressures. The gas flow meters must operate properly and reliably, because the picked up data constitute not only the basis for billing quantities of delivered gas, but also for the rational exploitation of the pipeline network. Nowadays, seen to the transported quantities of gas, the small errors of parameters measurement can have serious consequences [23] .
This paper examines the performance of onsite calibration of sonic nozzle sensor in gas pipeline system. The regulation of the sonic nozzle sensor during the periodic checks, measuring instruments is compared to the standards in order to verify their performance; these calibrations are generally performed on site. For the gas pipeline system, an on site calibration is generally difficult to run because it requires to provide
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System using Intelligent Sonic Nozzle Sensor Mouloud Guemana 1 , Slimane Aissani 1 Ahmed Hafaifa a headline to install standard meter and also to be able to impose rates flow corresponding to the points defined by the rules. In practice these sensor are calibrated in the workshop facilities which are approved by the competent authorities. Among this calibration, we can also use the venturi sonic nozzles [7] .
Sonic Nozzle Technology
The sonic nozzle is fluid flow measurement devices used in a number of industrial applications [1, 4, 7, 11 and 17] , is based on the principle that gas flow accelerates to critical velocity at the nozzle throat. At critical velocity, the mass flow-rate of gas flowing through the nozzle is the maximum possible for the existing upstream conditions [13] . Because it has no mobile parts it is very stable, stress-resistant, and can be used repeatedly, with very low maintenance, due to their high repeatability and reproducibility, they are considered to be very precise. Sonic devices operate on the principle that as fluid flows through the meter; the fluid accelerates as it approaches the throat. As the differential pressure increases, the velocity at the throat increases. When the velocity of the fluid reaches the local speed of sound, it is considered choked, sonic or critical [14] . Once the flow has reached the critical state, increasing the differential pressure will not affect the fluid flow rate [20] . Several components are important to a sonic device metering system; upstream and downstream piping, pressure sensors, temperature sensors and flow computers [7, 15] . The tube of venturi is made up mainly by truncated cones joined together by their small base, thus forming a throttling. The narrowest part is called collar, this tube of venturi is shown in Figure 1 . Its cost price is definitely higher than that of a diaphragm, opposite which it has in particular the advantage following: smaller loss of pressure, which can be advantageous for the important flows accompanied by pressures relatively low, necessary right lengths upstream and downstream smaller [1] .
The sonic nozzle is similar to a subsonic variable head type flow meter in that a constriction is present in the flow stream [12] . As the gas flows through the converging section of the nozzle, the inlet pressure is converted to velocity, which reaches a maximum at the throat. When the fluid velocity reaches the speed of sound at the throat, the flow rate will vary linearly with the inlet pressure and will not be affected by downstream pressure fluctuations [13] . The pressure drop across the nozzle must be sufficient to maintain sonic flow at the throat. Normally, sonic flow occurs when the downstream pressure is not greater than onehalf the upstream pressure.
The principle of a flowmeter with differential pressure is based on a static disturbing system made up of a body of throttling which causes a fall of pressure whose value is function of the flow of the flow and the thermodynamic characteristics of the fluid to be measured. One supposing that the flow is permanent, one dimensional, compressible and isentropic of an ideal gas in venturi nozzle, the general equations of fluid motion in a net current can be written:  Differential equation of continuity:
 Equation of state of ideal gas:
We note that for an ideal gas, the specific heat C p at the constant pressure is given by the relation:
Used some transformations of fluid we obtain the important relation of Hugoniot [1] .
is the local Mach number [21] .
The analysis of this equation relatively to the main sections of the nozzle gives us:  In the convergent nozzle, we have ds0, we obtain du0 and the speed increases, subsonic flow.  At the neck ds = 0 so :
Two cases may arise, either:
1. dU = 0 and the velocity reaches a maximum and then decreases 2. M² = 1 and the velocity becomes sonic at the neck.  Finally, in the divergent part was ds0 in this case there are two outlets.
If M1 we will have du0 and the velocity decreases, subsonic flow, If M1 we will have du0 speed continues to increase, supersonic flow.
The equation (7) therefore shows that in given piping where is sating an isentropic flow, the velocity of the fluid can not be equal to that the sound (M=1) except at the neck of the venturi nozzle (In the section of piping where area has a maximum or minimum).
Mass Flow Venturi Nozzle
The mass flow venturi nozzle is passing through a slice of any kind, we have:
To move a section of well-defined and constant to calculate the flow simply determine with good precision the values ρ and u. By integrating the thermodynamic equation (3), we have the equation of Zeuner [1, 7] :
Similarly for an ideal gas, we have the following relation:
And replacing in the above equation we get:
The application of this equation for the upstream section in which u = 0 and any section of the nozzle, gives us:
Given that the flow is isentropic, we will have speed in a section equals:
This relation give the equations of fluid motion are often expressed in terms of Mach number, then the equation (13) can be written:
The equation (14) is very important; it allows the determination of critical parameters of the flow. And finally, by substituting u in the equation (12), we have: (15) Given that the flow is isentropic, we have: 
Critical flow
From Equation (16), we see that maintaining constant upstream conditions implies that the flow depends only on the function:
In turn, this function depends only on We thus see that the mass flow of a sonic flow depends only on parameters upstream of venturi nozzle. This value represents a maximum possible flow nozzle.
For example, we give the characteristics of the critical state of a nozzle without a diverging natural gas (=1,22). 
Flow Computers
Flow computers are electronic devices that can use various process measurements to calculate flow. Te flow computers have been utilised to solve various linearization and compensation equations that were previously done using other methods [6, 8, 9, 10 and 15] . They are especially convenient to operators who need stand alone devices to be configured to be able to add, subtract, multiply, divide, drop out, square root, linearize, totalize, solve for exponents, algorithms, etc.
In our application, the sonic nozzle in a gas compression system may be calibrated to measure accurately when it is operated at a particular pressure and temperature. The flow computers can make corrections for Reynolds number effects and changing fluid density, as well as remove non-linearity [16, 18] . Because the gas can be compressed, measurement error will occur when the sonic nozzle is operated at a different pressure and temperature. When provided with the raw flow, operating pressure, and operating temperature measurements, a flow computer can be used to mathematically correct the raw flow measurement to account for real-time changes in operating pressure and temperature. The gas flow measurement and control in gas pipeline system using intelligent sonic nozzle sensor proposed in this paper is depicted in Figure 3 .
The flow computer provide the intelligence and the controls necessary to run the proving process, to calculate the correct sonic nozzle flow rates, the prover uses modern electronics and a sophisticated computer technology, shown in Figure 4 , this flow computers can be applied when the measurement error due to actual operating conditions becomes large enough to be unacceptable in the application. The measurement error can be estimated by calculation using worst case operating conditions. According to a study presented in [19] , the classification of the flowmeters installed in the world industry of gas shows that the flowmeters with diaphragm constitute total followed by the flowmeters harnesses with a rate of; Emergent technologies of the ultrasound and for vortex purpose start to gain ground in a progressive way. In Algeria, according to a study presented in [7] , the principal stations of counting of hydrocarbons installed on the network of pipelines of Sonatrach (compound of 14 pipelines and 13 gas pipelines and overall length of 14.495 km), are mainly plates with opening (or diaphragm), venturi and turbines; Flowmeters with ultrasounds start to be installed since the beginning of the years 1990. The calculations on this page are for nozzles carrying a liquid as described in ISO 3500. The ISO equations are used in our calculations in this work. 
Discharge coefficients
For each type of nozzle, a graph of discharge coefficient function of Re D or d/D is shown in figures 5, 6 and 7. Each graph is followed by the equation used by Simons in [24].
Results and Discussion

Venturi nozzle test
According to the assumption of isentropic flow, the sonic and subsonic elsewhere neck, leaving the continuity equation at the neck and out of the venturi nozzle, was obtained for the expression ( As the geometry of venturi nozzle we have adopted:
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By giving values to the report Other tests results investigated in the examined gas pipeline system are presented in this section. The Influence of the compressibility factor on the rate flow, for the pressure and temperature, in the intelligent sonic nozzle sensor is shown in figures 11 and 12. The tests results of the rate flow calculus according to ISO5167 with Z (AGANX19) and Z (GERG88) (tabled in Table 01 ) is shown in Figure 13 .
Conclusion
In this work, we exposed by the means examples of the use of new methods and systems of measurement of the gas flow in a single unit of gas pipeline, we based ourselves on sonic nozzle sensor and their techniques of use, as well as compared with the various types of flowmeters. For the systems of the flowmeters of the industrial fluids, an essential problem conditions the success of the system of measurement of the gas flow, the nature of the flow and the factors influencing this one. In this case, we
showed that use of conduit of the tube of venturi with opening could be an alternative or at least an effective contribution to the problems encountered at the time of the phase of determination of the measurement of flow transported with a satisfactory precision is necessary. In this work, we showed that use of a sonic nozzle sensor, the great advantage of these nozzles is determining the flow measurements with great precision, which makes them indispensable as regulators and Figure 13 . Response of the rate flow calculus according to ISO5167
